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Abstract
Following Kachru, Kumar and Silverstein, we construct a set of non-
supersymmetric Type II string models which have equal numbers of bosons
and fermions at each mass level. The models are asymmetric Z2 ⊗ Z
′
2 orb-
ifolds. We demonstrate that this bose-fermi degeneracy feature implies that
both the one-loop and the two-loop contributions to the cosmological constant
vanish. We conjecture that the cosmological constant actually vanishes to all
loops. We construct a strong-weak dual pair of models, both of which have
bose-fermi degeneracy. This implies that at least some of the non-perturbative
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Bose-fermi degeneracy is well known to be a consequence of supersymmetry. However, it
is not a feature one expects in a non-supersymmetric theory. So it is very interesting that,
recently, Kachru, Kumar and Silverstein [1] constructed a 4-dimensional non-supersymmetric
Type II string model (the KKS model) which has this bose-fermi degeneracy feature, i.e.,
the number of bosonic and fermionic degrees of freedom are equal at every mass level of
the spectrum. In this paper, we construct a set of string models that also share this same
feature.
The models are non-supersymmetric 4-dimensional Type II string models, constructed
as asymmetric Z2⊗Z
′
2 orbifolds. Such models are easy to construct, using the free fermionic
string model construction [2]. Starting from the 4-dimensional N = 8 supersymmetric (i.e.,
N = (4, 4)) Type II model, we introduce a Z2 twist which breaks the supersymmetry to
N = 2 (i.e., N = (2, 0)). On the other hand, we can introduce a different Z′2 twist on the
original N = 8 model. Judicious choices of these two twists result in non-supersymmetric
Z2 ⊗ Z′2 orbifold models with zero one-loop partition functions. It turns out that there are
two inequivalent types of Z′2 twist that satisfy the requirements. The first type of Z
′
2 twist
breaks supersymmetry to N = 2 (i.e., N = (0, 2)). The Z′2 twist in Ref. [1,3] belongs to
this type. The other type of Z′2 twist breaks supersymmetry to N = 4 (i.e., N = (0, 4)).
In contrast to the model in Ref. [1] where the one-loop partition function vanishes because
of the non-Abelian nature of the orbifold, the one-loop vanishing in the Z2 ⊗ Z′2 orbifolds
presented here is due to the fermionic zero mode. Another novel feature of this set of models
is that there are massless twisted sector states. Despite the fact that the models are non-
supersymmetric (as the gravitinos are all projected out), the twisted sector states seem to
fall into appropriate supermultiplets.
The non-trivial question about these models is whether the cosmological constant remains
zero at higher loops. Using an approach similar to that given in Ref [1], we demonstrate
that the cosmological constant vanishes at two-loops (with the two-loop integrand vanishing
point-wise in the moduli space). The structure of the models naturally leads to the conjecture
that this property (i.e., vanishing multi-loop integrand) persists to all loops. We give a
plausible argument for this conjecture.
Let us assume that the cosmological constant does vanish to all orders in the perturbation
expansion. Each model actually represents a class of such models, since they have scalar
fields that are moduli, i.e., the cosmological constant remains zero for different choices of
the scalar field expectation values. The existence of a set of such models with this feature
strongly suggests an underlying stringy symmetry that remains to be identified.
Some duality aspects of these types of models have been explored recently [3,4]. In par-
ticular, Kachru and Silverstein show that the KKS model is self-dual. Here we generalize
their analysis to more intricate situations. Some care is necessary to distinguish seemingly
similar models (with the same orbifold twists and the same counting of states in the spectra)
which have diferent GSO projections (due to discrete torsions), and hence give rise to dif-
ferent spectra. A priori, they have different duality properties, reminiscent of the situation
of Type IIA/IIB. This allows us to reproduce the self-duality property of the KKS model,
and in addition, construct a new strong-weak dual (i.e., U -dual) pair, both of which have
bose-fermi degeneracy. We argue that at least some of the non-perturbative corrections to
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the cosmological constants are absent.
The existence of these models further suggests that it may not be too difficult to arrange
realistic non-supersymmetric models with zero cosmological constant. In the realistic uni-
verse, the cosmological constant has to vanish only at an isolated point in the field space,
which is a much more relaxed constraint. Even if the cosmological constant vanishes in
perturbative expansion, it may still receive a non-perturbative contribution. At weak cou-
pling, we expect at most an exponentially suppressed cosmological constant, which may be
consistent with nature.
This paper is organized as follows. In Section II, we review the rules of the free fermionic
string model construction. We follow the notation of Ref [5]. Readers who are familiar with
orbifolds but not familiar with the fermionic string construction may skip this section, since
we will give a translation between the two languages later on. In Section III, we give the
explicit constructions of the models. It is illuminating to show how the massless spectra
emerge under the various asymmetric Z2 twists. They are shown in the tables. In Section
IV, we show that one of the models constructed is self-dual. That model is similar to the
KKS model. We also show that two of the models form a dual pair. In Section V, we briefly
discuss the issues of multi-loop contributions to the cosmological constant, and demonstrate
the vanishing of the two-loop vacuum amplitude. We also give a heuristic argument for
higher loops. The last section contains the summary and remarks.
II. PRELIMINARIES
In this section we review the rules of free fermionic string model construction. Readers
who are famililar with the formulation may skip this section and go directly to Section III
where the models are presented. Readers who are familiar with orbifolds but not familiar
with the fermionic string construction may also skip this section, since a translation be-
tween the two languages is given in Section III. In what follows, we will concentrate on
Type II string vacua with four non-compact space-time dimensions in the light-cone RNS
formulation. In the free-fermionic construction, all of the world-sheet degrees of freedom cor-
responding to the compactified six space-like dimensions are fermionized. Moreover, these
degrees of freedom are described via free world-sheet fermions, which are written in the
complex basis, with various spin structures, that is, boundary conditions.
We have the following world-sheet degrees of freedom: one complex world-sheet boson
φ0 corresponding to two real transverse space-time coordinates in the light-cone gauge; one
complex fermion ψ0 which is the world-sheet superpartner of φ0; three pairs of complex
fermions χ` and λ`, ` = 1, 2, 3, corresponding to fermionization of three complex (six real)
world-sheet bosons φ` describing the compactified dimensions; three complex world-sheet
fermions ψ` which are superpartners of the world-sheet bosons φ`. Since we are discussing
Type II strings, each of the above world-sheet degrees of freedom has a left- and right-moving
component which we will denote by subscripts “L” and “R”, respectively.
In the following discussion we will mostly deal with the world-sheet fermions ψ0, ψ`, χ`, λ`.
We will collectively refer to them as Ψr, r = 0, . . . , 9, where Ψ0 ≡ ψ0, Ψ` ≡ ψ`, Ψ1+` ≡ χ`,
and Ψ2+` ≡ λ`. Similar notation will be used for the corresponding left- and right-moving
components as well.
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It is convenient to organize the string states into sectors labeled by the monodromies of









Note that φ0(ze2pii, ze−2pii) = φ0(z, z) since φ0 corresponds to space-time coordinates. These












































The double vertical line separates the monodromies corresponding to the left- and right-










. Note that if a given monodromy is − 1
2
then the corresponding
world-sheet degree of freedom is a complex Ramond fermion; if this monodromy is 0, then
it is a Neveu-Schwarz complex fermion.
The monodromies Vi can be viewed as fields Ψ
r being periodic Ψr(ze2pii, ze−2pii) = Ψr(z, z)
up to the identification Ψr ∼ g(Vi)Ψrg−1(Vi), where g(Vi) is an element of a finite discrete
orbifold group Γ. In this paper we will only consider Abelian orbifold groups Γ. In fact, we
will focus on orbifold groups which are direct products of Z2 subgroups. In these cases all




The requirement of world-sheet supersymmetry is necessary to ensure space-time Lorentz
invariance in the covariant gauge, which implies that the world-sheet supercurrents must










Ri ≡ si ( mod 1) . (5)
where si ≡ v0Li and si ≡ v
0
Ri determine whether the corresponding space-time states are
bosons or fermions: the NS-NS sectors with si = si = 0 as well as the R-R sectors with
si = si = −
1
2




as the R-NS sectors with si = −
1
2
, si = 0 give rise to space-time fermions.
The notation we have introduced proves convenient in describing the sectors of a given
string model with an orbifold group Γ. As we have already mentioned, we will confine our
attention to the orbifold groups Γ ≈ (Z2)⊗n so that all the elements V si (s = 0, . . . , 19) are
either 0 or − 1
2
. Here V si = v
r




Ri for s = r+10 = 10, . . . , 19.
To describe all of the 2n elements of group Γ, it is convenient to introduce a set of generating








i αiVi with the summation defined as (Vi + Vj)
s = V si + V
s
j , and αi = 0, 1.







, where ∆s(α) ∈ Z. The elements g(αV ) of the group Γ are in one-to-one
correspondence with the vectors αV . It is the Abelian nature of Γ that allows for this
correspondence by simply taking all possible linear combinations of the generating vectors
Vi.
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Now we can identify the sectors of a given model. They are labeled by the vectors
αV , and in a given sector αV the monodromies of the string degrees of freedom are given









give rise to space-time fermions.

























(The presence of this vector is required by one-loop modular invariance.) In fact, the Γ ≈ Z2
orbifold model (which contains two sectors 0 and V0) is a non-supersymmetric theory without
any fermions in its spectrum. To construct supersymmetric theories we must add additional























The orbifold group now is Γ ≈ (Z2)⊗3. Such a model (subject to the consistency conditions
discussed in the subsequent sections) corresponds to a four dimensional Type IIA or Type
IIB string theory (depending on certain phases entering the one-loop partition function - see
below) with N = 8 space-time supersymmetry.
As mentioned before, we will focus on orbifold groups that are direct products of Z2
subgroups. Hence the boundary conditions of the complex fermions Ψ` can only take values
0 or 1/2. This implies that the worldsheet fermions do not need to be written in the
complex basis (in contrast to other ZN orbifolds where the monodromies are complex and
so a complex basis of the fermions is necessary). In cases where the worldsheet degrees of








k = 0 (mod 1) for all i, j, k . (10)
This ensures that we can find a complex basis for any three generating vectors, even though
there is no complex basis which is common for all the generating vectors.
A. One-Loop Modular Invariance
The g-loop scattering amplitudes must satisfy modular invariance. Let us start with the
one-loop vacuum amplitude: a torus. Conformally inequivalent tori are labeled by a single
complex modular parameter τ = τ1 + iτ2. A torus has two non-contractable cycles a and b
depicted as follows:
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